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h  i g  h  l  i  g  h  t  s
• We  examine  urban  growth  boundary  effectiveness  at  conserving  farm  and  forest  land  in Portland,  OR-Vancouver,  WA  (USA).
• We  focus  on  forest,  farm,  and  developed  land  uses  from  the  mid-1970s  to  the  mid-2000s.
• We  found  that  urban  growth  boundaries  have effectively  contained  low-density  residential  and  urban  development.
• These  effects  have  varied  among  counties  and between  the  Oregon  and  Washington  portions  of  the  metropolitan  area.
• Differences  in  effectiveness  likely  owe  in part  to each  jurisdiction’s  unique  geography  and  land  use  planning  history.
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a  b  s  t  r  a  c  t
We  examine  land  use planning  outcomes  over  a 30-year  period  in  the  Portland,  OR-Vancouver,  WA  (USA)
metropolitan  area.  The  four-county  study  region  enables  comparisons  between  three  Oregon  counties
subject  to Oregon’s  1973  Land  Use  Act (Senate  Bill  100) and  Clark  County,  WA  which  implemented  land
use  planning  under  Washington’s  1990  Growth  Management  Act.  We describe  county-level  historical
land  uses  from  the mid-1970s  to  the  mid-2000s,  including  low-density  residential  and  urban  devel-
opment,  both  outside  and  inside  of  current  urban  growth  boundaries.  We  use  difference-in-differences
models  to  test  whether  differences  in the  proportions  of developed  land  resulting  from  implementation  of
urban growth  boundaries  are  statistically  signiﬁcant  and  whether  they  vary  between  Oregon  and  Wash-
ington.  Our  results  suggest  that  land  use planning  and  urban  growth  boundaries  now  mandated  both  in
Oregon  and  Washington  portions  of the  study  area  have  had  a measurable  and  statistically  signiﬁcant
effect  in containing  development  and  conserving  forest  and  agricultural  lands  in  the  Portland-Vancouver
metropolitan  area.  Our  results  also  suggest,  however,  that  these  effects  differ  across  the  four  study-area
counties,  likely  owing  in part  to differences  in  counties’  initial  levels  of  development,  distinctly  different
land  use planning  histories,  and how  restrictive  their  urban  growth  boundaries  were  drawn.
Published  by Elsevier  B.V.
1. Introduction
An enduring land-use policy question is how best to con-
serve forest and agricultural lands both as a basis for productive
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industries and for their contribution to peoples’ quality of life
(e.g., Sorensen et al., 1997; Stein et al., 2005). Recent interest has
extended to include addressing the social and environmental costs
of urban sprawl often associated with forest and agricultural land
loss (Bengston, Fletcher, & Nelson, 2004). These policy questions are
central to an emerging research framework that seeks to under-
stand both how humans might manage landscapes sustainably
and how landscapes shape human communities, by examining
metropolitan areas as coupled human–natural systems charac-
terized by dynamic and interacting socioeconomic and ecological
http://dx.doi.org/10.1016/j.landurbplan.2014.07.013
0169-2046/Published by Elsevier B.V.
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agents, conditions, and processes (e.g., Collins et al., 2011). The
roles that local and state governance and policies play in conserv-
ing forest and agricultural lands and preventing urban sprawl are
of particular interest. Land-use policies can greatly inﬂuence urban
and suburban landscapes, and the people who live in them who  in
turn shape land-use policy as voting citizens. Evaluating the effec-
tiveness of land-use policies in urbanizing areas during periods of
high growth can indicate how resilient socioeconomic and eco-
logical systems might be to stressors, such as human settlement
and climate change. These interests inﬂuenced our investigation of
land-use policy effects in the Portland, OR-Vancouver, WA (USA)
metropolitan area, which has developed over the past 30 years
under contrasting governance regimes at state, regional and local
levels.
Straddling the Oregon-Washington border deﬁned by the
Columbia River, the Oregon side of the Portland-Vancouver
metropolitan area has been subject to Oregon’s land-use planning
law since 1973. Among regulatory approaches, Oregon’s statewide
land-use planning program and its mandated establishment of
urban growth boundaries is an often cited example of success (e.g.,
Abbott, Howe, & Adler, 1994; Gustafson, Daniels, & Shirack, 1982;
Harvey & Works, 2002). In comparison, the Washington portion
of the Portland-Vancouver metropolitan area did not fall under
state mandated urban growth regulation until 1990, although it had
begun locally addressing urban growth earlier. The juxtaposition of
differing land-use planning histories played out within this single
metropolitan area provides a “natural experiment” for considering
the inﬂuence of planning on forest and agricultural land conser-
vation, and urban sprawl. Few studies have rigorously examined
land-use planning effectiveness at conserving forest and agricul-
tural lands and containing urban growth (Gosnell, Kline, Chrosteg,
& Duncan, 2010). A difﬁculty is separating the effects of planning
from other inﬂuential factors, including population growth, loca-
tion, and topography (Kline, 2000). Evaluating planning effects also
is complicated by the evolving nature of land-use planning pro-
grams as they are adjusted to correct perceived problems (Gosnell
et al., 2010). This evolution can make it difﬁcult for researchers to
link programmatic changes to observed changes in land use and
development.
For example, many studies of Oregon land-use planning effects
have examined regional land-use trends using data from the US
Census of Agriculture and other sources (e.g., Daniels & Nelson,
1986; Furuseth, 1981; Nelson, 1992) or developed regional and
statewide indicators of land conservation and development (e.g.,
Jun, 2004; Nelson & Moore, 1996; Nelson, 1999). Although these
studies provide useful snapshots of ongoing change under land-
use planning, it is difﬁcult to conclude what inﬂuence planning had
in bringing about land-use outcomes (Gosnell et al., 2010). Other
studies have evaluated land-use planning effects using econometric
models to control for commuting proximity, city size, and topo-
graphic features and other factors (Jun, 2004; Kline & Alig, 1999;
Kline, 2005), but results have been mixed. Gosnell et al. (2010)
have suggested a need for greater spatial tracking and evaluation
of forest and agricultural land lost to development, both inside and
outside urban growth boundaries (p. 190). Dempsey and Plantinga
(2013) initiated such inquiry using ﬁne-scaled land-use data from
satellite imagery and difference-in-differences econometric mod-
els to examine the inﬂuence that urban growth boundaries have
had on containing development in select Oregon cities.
We build on this work by using aerial photography-derived
land-use data to examine low-density residential and urban
development outcomes over a 30-year span, with a focus on com-
paring the four counties (Clackamas, Multnomah, and Washington
counties, OR, and Clark, WA)  comprising the Portland-Vancouver
metropolitan area, under contrasting land-use planning regimes.
Our objective was to (1) determine whether urban growth
boundaries have been effective at containing low-density and
urban development and conserving forest and agricultural (or
“resource”) lands; and (2) determine whether effects have varied
between Oregon and Washington. We  investigated county-level
changes in the proportions of low-density residential and urban
land from the mid-1970s to the mid-2000s, examined changes
both outside and inside current urban growth boundaries, and used
difference-in-differences regression models to test whether incre-
mental differences in developed land proportions among counties
are statistically signiﬁcant. We  also computed development con-
tainment measures that enable county-by-county comparisons of
the degree to which low-density and urban development has been
contained and resource lands conserved within each county. Our
research is a foundational component of the Portland-Vancouver
ULTRA-Ex (Urban Long-term Research Area) project which exa-
mines how people can sustainably manage urbanizing landscapes,
by comparing two  adjacent cities, their associated urbanizing
regions, and contrasting land-use policies and social contexts.
2. Growth control in the Portland-Vancouver metropolitan
area
Contemporary land-use planning began in the Portland-
Vancouver metropolitan area with creation of Oregon’s statewide
land-use planning program. Enacted in 1973, the Oregon Land
Use Act (also known as Senate Bill 100) was  a response to rapid
population growth and development of forest and agricultural
lands in western Oregon during the 1950s and 1960s. Existing
legislation had already authorized local governments to manage
urban growth; however, residential development of forests and
agricultural lands outside of incorporated cities often remained
unplanned and unregulated (Gustafson et al., 1982). The Oregon
Land Use Act required all cities and counties to prepare compre-
hensive land-use plans consistent with 15 (and later 19) statewide
goals and to provide for the orderly and efﬁcient transition of rural
lands to urban uses and to conserve forest and agricultural lands.
Goal 14 required cities and counties to contain new development
inside of “urban growth boundaries,” intended to accommodate
growth over a 20-year period. Development was to be signiﬁcantly
reduced outside urban growth boundaries. Lands zoned for exclu-
sive agricultural or forest use, based on soil types and topography,
were expected to be mostly off limits for development (Pease,
1994). Lands already physically or irrevocably committed to non-
agricultural or non-forest uses, or lands deemed inappropriate for
non-urban use, were designated as “exception areas” where devel-
opment could be allowed pending approval by local authorities.
A new state authority, the Land Conservation and Development
Commission, was established to oversee the program, staffed by a
new Department of Land Conservation and Development (Knaap
& Nelson, 1992). By 1986, land-use plans had been substantially
approved by the Land Conservation and Development Commission
for all of Oregon’s 36 counties and 241 cities (Knaap, 1994).
Oregon’s statewide planning program meant several changes
for the three counties that comprise the Oregon portion of the
Portland-Vancouver metropolitan area. Comprehensive plans were
acknowledged by the Land Conservation and Development Com-
mission, in whole or in part, for Multnomah County in 1980,
Clackamas County in 1981, and Washington County in 1983. The
City of Portland’s own plan was  acknowledged in 1981. A new
agency—Portland Metro—was established in 1979 to coordinate
regional land use, growth management, and transportation plan-
ning, and to manage the region’s urban growth boundary (Seltzer,
2004). Portland Metro’s inﬂuence generally has been exerted
through the creation of “functional plans” that address regional
issues, such as transportation and open space acquisition. Although
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county and city comprehensive plans “are the primary legal doc-
uments guiding all local planning and development decisions,”
Metro can require that plans be revised for consistency with
regional functional plans (Seltzer, 2004).
Most importantly, Metro holds the legal authority for estab-
lishing and managing urban growth boundary expansions for the
Oregon portion of the region, including 25 cities located across
portions of three counties. Metro administers this authority collab-
oratively with signiﬁcant input from the public, property owners,
cities, and counties, with the state’s Land Use Board of Appeals serv-
ing as the ﬁnal arbitrator (Rosan, 2007). A notable element of the
system is the identiﬁcation of “exception areas,” which encompass
lands that for various reasons hold little resource value, lie outside
the urban growth boundary, and on which limited development
may  be allowed. This system of oversight authority has resulted
in fewer than a dozen urban growth boundary expansions totaling
about 11,000 ha, with one 2002 decision accounting for nearly half
(4860 ha) of the area increase, mostly in Washington and Clackamas
Counties (Ozawa, 2012).
State-level growth management policies were adopted 17 years
later in the Vancouver, WA portion of the metropolitan area. Plan-
ning in Washington State before that had been local in scope (Settle
& Gavigan, 1993). By 1990, rapid population growth and congestion
in the Puget Sound region led to passage of the Growth Man-
agement Act to provide greater state guidance to planning and
growth control. Amended in 1991, the Act required counties with
greater than 50,000 people and 10% or more 10-year growth rate
to develop comprehensive plans in cooperation with their largest
cities (Settle & Gavigan, 1993). The Act called for establishing urban
growth boundaries sufﬁcient to accommodate 20-years projected
growth. Regional growth management hearing boards were cre-
ated to provide limited state oversight of county and city planning.
Viewed as a more decentralized approach than Oregon’s, Washing-
ton’s Growth Management Act mostly left local governments free to
develop and enforce growth management plans and policies. Plans
and urban growth boundaries adopted by counties and cities were
presumed to be compliant unless formally petitioned, giving local
ofﬁcials signiﬁcant leeway in how they might comply with the Act’s
requirements (Settle & Gavigan, 1993).
Clark County, WA,  where the City of Vancouver is located, ﬁrst
passed a comprehensive growth management plan in 1979 (Clark
County, 2010), well before Washington’s Growth Management
Act. Although this early plan did not deﬁne formal urban growth
boundaries, it did distinguish lands suitable for “urban intensity
housing, commercial and industrial development” from rural lands.
Reﬁnements in 1980 deﬁned speciﬁc zoning districts for forest,
agricultural, and other rural land uses, as well as suburban and
urban development (Clark County, 2010). Following state passage
of the Growth Management Act in 1990, Clark County engaged in
a contentious comprehensive planning process, establishing the
ﬁrst formal urban growth boundary in 1994. Substantial expan-
sions of the urban growth boundary have occurred in 1997, 2004
and 2007 (Clark County, 2010). Although Clark County’s land-use
history often is viewed as having been less restrictive than that of
neighboring Oregon counties (e.g., Walker, 2011), to our knowledge
no studies have formally compared the relative inﬂuence of these
two planning efforts on land-use outcomes in the region.
3. Methods
We  examined land-use changes within counties comprising
the Portland-Vancouver metropolitan area between the obser-
vation period 1974–1976, near the time that Oregon’s land-use
planning program was enacted, and 2005–2006, the most recent
time for which land-use data are available for each of the
Oregon and Washington counties. Although it is notably difﬁcult
to associate individual land-use planning programmatic changes to
speciﬁc changes in land-use trends (e.g., Gosnell et al., 2010), we can
document the effects of separate planning histories based on land-
use outcomes. Because urban growth boundaries have expanded
several times during the study period, we  assumed that current
boundaries deﬁne the preferred development outcomes for each
county. Our analysis examined the degree to which actual devel-
opment outcomes resulting from the land-use planning histories
of individual counties are consistent with preferred outcomes rep-
resented by current urban growth boundaries. We  assumed that
if urban growth boundaries have been successful, we  would ﬁnd
that: (1) lands inside urban growth boundaries would have become
more urban, (2) forest and agricultural lands outside urban growth
boundaries would have remained fairly constant, and (3) low-
density development would be fairly limited everywhere.
3.1. Study area
The four counties comprising the Portland, OR-Vancouver, WA
metropolitan area (Fig. 1) all experienced signiﬁcant population
growth during the study period. The counties had a combined pop-
ulation of nearly 2.1 million people in 2010. Three Oregon counties
located south of the Columbia River in Oregon—Clackamas, Mult-
nomah, and Washington—include the City of Portland and are
subject to Oregon’s land-use planning program and Metro. Pop-
ulation growth from 1970 to 2010 in these counties was 126%
(Clackamas County), 32% (Multnomah County), and 235% (Wash-
ington County) (US Department of Commerce, Census Bureau,
2013). This growth increased population density from a combined
112 persons per square kilometer in 1970 to 209 persons per square
kilometer in 2010—34–78 persons per square kilometer in Clacka-
mas  County, 498–658 persons per square kilometer in Multnomah
County, and 84–282 persons per square kilometer in Washington
County (US Department of Commerce, Census Bureau, 2013). As
the fourth metropolitan area county, Clark County, WA  is located
north of the Columbia River, includes the City of Vancouver, and is
subject to Washington’s land-use planning program. Clark County
experienced a sizable share of the region’s 1970–2010 population
growth, growing 231% and increasing its population density from
79 to 261 persons per square kilometer. Although population has
grown throughout the metropolitan area, population growth rates
were highest in Washington County and Clark County, where pop-
ulation densities were the lowest at the beginning of the study
period.
3.2. Data
Historical land-use data spanning 1974–2009 for Oregon and
1976–2006 for Washington were compiled by the Oregon Depart-
ment of Forestry and USDA Forest Service’s Forest Inventory and
Analysis Program, Paciﬁc Northwest Research Station (Gray et al.,
2013; Lettman, 2011, 2013). The data consist of geo-referenced
point observations of discrete land-use classes observed on non-
federal lands from photo-interpretation of a systematic-random
grid of points located on aerial photographs for 1974, 1984, 1994,
2000, 2005, and 2009 in Oregon, and 1976, 1994, and 2006 for
Washington, at a sampling density of one point per 187 ha (e.g.,
Gray et al., 2013). Land-use classes include wildland forest, mixed
forest-agriculture, intensive agriculture, low-density residential,
and urban (Fig. 2). The data enable comparisons of land-use changes
occurring on non-federal lands between counties and states, and
outside and inside urban growth boundaries over a roughly 30-
year period. Our analysis necessarily omits federal lands, in part
because similar data for federal lands in the study region do not
exist. However, because federal lands in the study region mostly
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Fig. 1. Four-county Portland, OR-Vancouver, WA metropolitan area showing current (2011) urban growth boundaries.
consist of national forest land, their omission from our analysis is
of little consequence.
The data deﬁne urban uses as land of at least 16 ha and com-
prised of commercial, service, or subdivided residential uses with
city street patterns and closely spaced buildings (Lettman, 2011).
The data deﬁne low-density residential uses as land of any par-
cel size in rural residential or low-density commercial uses, and
with nine or more structures per 2.59 km2 not used for agricul-
ture or forestry (Lettman, 2011). The lower bound structure density
deﬁnes low-density residential uses more in a rural context than a
suburban or semi-urban context. This is consistent with a primary
goal of Oregon land-use planning of conserving forest and farm-
land (e.g., Lettman, 2011). The Land Conservation and Development
Commission has considered 2–4 ha residential lots as a form of rural
residential zoning, and such densities have been allowed outside
urban growth boundaries, when in exception areas or on agricul-
tural lands of poor soil quality, for example. The data indicate that
low-density lands average about 1 structure per 1.4 ha, and struc-
ture density for many observations exceeds that. We  focused our
analysis on the 1974–1976 and 2005–2006 observations from each
state.
Geo-referencing enabled us to combine the land-use data with
digital maps of urban growth boundaries, regional road networks,
slope, and elevation to develop explanatory variables for regres-
sion analysis. These additional data were available from the Oregon
Geospatial Enterprise Ofﬁce. The “current” urban growth bound-
ary map  used for the analysis describes urban growth boundaries
as they existed 2011, which was  the most recent available at the
time of analysis. Slope and elevation data were developed using the
Oregon digital elevation model at a 30-m resolution.
Urban
Low-density residential
Mixed forest/agricu lture
Wil dland for est
Intensive agriculture
Fig. 2. Example depictions of land use classes from aerial photography, used with permission from Gray et al. (2013).
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3.3. Empirical analysis
We  began our analysis by ﬁrst tabulating the proportion of
land in different uses for each of the four metropolitan area
counties for 1974–1976 and 2005–2006, enabling comparisons
among counties, and between the Oregon counties and Clark
County, WA.  Second, we combined our geo-referenced point
observations of land use with maps of current urban growth
boundaries in the Portland-Vancouver metropolitan area using
ArcGIS to identify observations as either outside or inside urban
growth boundaries. This enabled county comparisons of the pro-
portions of low-density versus urban development, outside and
inside urban growth boundaries. We  included “exception area”
lands in Oregon counties along with lands located inside urban
growth boundaries. Exception areas typically permit new devel-
opment on rural residential lots of about 2–8 ha or on smaller
lots if they predate establishment of urban growth bound-
aries. Development at these densities is notably higher than
would be allowed elsewhere outside urban growth boundaries.
Third, we estimated “difference-in-differences” models to examine
whether changes in the proportions of developed land (low-
density or urban combined) among counties for the 1974–1976
and 2005–2006 observations are statistically signiﬁcant. Fourth,
we used difference-in-differences model estimated coefﬁcients
to compute development containment measures to compare the
degree to which counties contained development within urban
growth boundaries and conserved resource lands over the 30-years
examined.
The difference-in-differences estimator is a form of regression
model that is useful for evaluating policy effects using cross-
sectional data gathered both before and after polices have been
implemented (Wooldridge, 2006). Its use for evaluating land-use
planning effects has been demonstrated by Dempsey and Plantinga
(2013). An advantage of the difference-in-differences model struc-
ture is that it controls for the potential effects of time-varying
factors, such as population growth rates and densities, by isolating
these potential effects using an explanatory variable represent-
ing time (Dempsey & Plantinga, 2013). This is necessary because
while population growth rates and densities undoubtedly inﬂuence
development and the application of land use planning policies (e.g.,
location of urban growth boundaries), land use planning policies
themselves inﬂuence population growth rates and resulting densi-
ties. In our Portland-Vancouver metropolitan area case, we sought
to evaluate the effectiveness of urban growth boundaries among
the individual counties, as well as the degree to which outcomes
in Clark County, WA  differed from outcomes in the three Oregon
counties. We  ﬁrst estimated four individual county models to test
the inﬂuence of urban growth boundaries on county-speciﬁc devel-
opment outcomes. We  then estimated a single “pooled” model to
examine whether development outcomes in Clark County, WA are
statistically different than those in the three Oregon counties.
For the individual county models, urban growth boundaries
imply two treatments: (1) land-use observations outside urban
growth boundaries, and (2) land-use observations inside urban
growth boundaries. We  deﬁned a dependent variable DEVELOPED
as equal to 1 if land was observed to be in a low-density residential
or urban use and 0 otherwise. We  speciﬁed the regression equation
to be estimated for each county as:
DEVELOPED = ˛0 + ˛1 UGB + ˛2 TIME + ˛3 TIME ∗ UGB + ε (1)
for which explanatory variables are deﬁned in Table 1, the i are
coefﬁcients to be estimated, and ε is random error. The model com-
monly is estimated using ordinary least squares regression (e.g.,
Wooldridge, 2006). Although, the binary dependent variable typ-
ically could lead to predicted values falling outside of the 0–1
interval, ordinary least squares greatly simpliﬁes estimating the
Table 1
Deﬁnitions and means of dependent and independent variables.
Variable Deﬁnition Mean
DEVELOPED Variable equal to 1 if observation is in
low-density residential or urban land use; 0
otherwise
–
UGB  Variable equals 1 if observation is located
inside current in urban growth boundary (or
exception area in Oregon); 0 otherwise
0.32
TIME Variable equals 1 if observation is from 2005 to
2006; 0 otherwise
0.50
UGB*TIME Variable equals 1 if observation is located
inside current in urban growth boundary
and if observation is from 2005 to 2006; 0
otherwise
CLARK Variable equals 1 if observation is in Clark
County; 0 otherwise
0.24
DISTANCE TO
CITY
Estimated travel time in minutes to Portland,
OR city center assuming 88 km/h on
freeways, 72 km/h on highways, and 56 km/h
on all other roads.
43.18
SLOPE Percent slope 14.81
ELEVATION Elevation in 1000s of meters 0.24
Note: N = 6808.
treatment (or policy) effect relative to alternative estimation meth-
ods such as logit or probit which would yield estimated treatment
effects that would be nonlinear functions of all of the independent
variables and estimated coefﬁcients (Dempsey & Plantinga, 2013).
Also, in our case the explanatory variables are dummy variables that
describe exclusive and exhaustive categories such that predicted
values all will fall between 0 and 1 (Wooldridge, 2006).
The resulting estimated coefﬁcients identify incremental per-
centage point differences in the proportion of low-density
residential or urban (DEVELOPED) land given the time and locations
represented by the independent variables (Fig. 3). The intercept
term ˛0 is the proportion of developed land in 1974–1976 outside
of current urban growth boundaries (base case). The coefﬁcient
˛1 (for UGB) is the incremental percentage point difference in
the proportion of developed land in 1974–1976 inside current
urban growth boundaries relative to lands outside urban growth
boundaries owing to its greater proximity to the urban center. We
expected this coefﬁcient to be positive based on previous research
suggesting that lands eventually designated as inside urban growth
boundaries typically were more likely to develop than lands even-
tually designated as outside urban growth boundaries (Kline,
2005). The coefﬁcient ˛2 (for TIME) is the incremental percent-
age point increase in the developed land proportion on all lands
from 1974–1976 to 2005–2006, relative to the base case ˛0 owing
Fig. 3. Visual deﬁnition of estimated coefﬁcients (˛0 though ˛3) reported for
individual county difference-in-differences regression models (without location
controls, Table 3) showing their incremental contribution to computing the pro-
portion of low-density residential and urban land, inside and outside urban growth
boundaries for 1972–1976 and 2005–2006.
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to regional population growth and other time-varying factors. The
coefﬁcient ˛3 (for TIME*UGB) is the incremental percentage point
increase in the developed land proportion in 2005–2006 inside
current urban growth boundaries. The ˛3 coefﬁcient measures
the degree to which each county’s land-use policies, including
implementation of urban growth boundaries, have concentrated
development from 1974–1976 to 2005–2006 after controlling for
the effects of urban center proximity and time.
The pooled four-county model implies four treatments: (1) Ore-
gon observations (on the Portland side of the Columbia River)
outside urban growth boundaries, (2) Oregon observations inside
urban growth boundaries, (3) Clark County, WA  observations (on
the Vancouver side of the Columbia River) outside urban growth
boundaries, and (4) Clark County observations inside urban growth
boundaries. This four-treatment structure implies an expanded
difference-in-difference-in-differences estimator and the regres-
sion equation:
DEVELOPED = ˇ0 + ˇ1 UGB + ˇ2 TIME + ˇ3 TIME ∗ UGB
+ ˇ4 CLARK + ˇ5 CLARK ∗ UGB + ˇ6 CLARK ∗ TIME
+ ˇ7 CLARK ∗ TIME ∗ UGB. (2)
The interpretations of the estimated coefﬁcients ˇ0, ˇ1, ˇ2, and
ˇ3 are similar to those for the ˛’s estimated in the individual
county models, except that they now refer to development pro-
portions for the three Oregon counties combined (Fig. 4). The
estimated coefﬁcients ˇ4–ˇ7 for the variables CLARK, CLARK*UGB,
CLARK*TIME, and CLARK*TIME*UGB characterize Clark County, WA
development both outside and inside urban growth boundaries
relative to the three Oregon counties.
Speciﬁcally, the coefﬁcient ˇ4 (for CLARK) is the incremental
percentage point difference in the proportion of developed land in
Clark County in 1974–1976 outside current urban growth bound-
aries relative to the three Oregon counties base case ˇ0 (Fig. 4).
The coefﬁcient ˇ5 (for CLARK*UGB) is the incremental percent-
age point difference in the developed land proportion in Clark
County 1974–1976 inside current urban growth boundaries rel-
ative to that for the three Oregon counties. The coefﬁcient ˇ6 (for
CLARK*TIME) is the incremental percentage point difference in the
percentage point change in the developed land proportion on all
Clark County lands from 1974–1976 to 2005–2006, relative to the
three Oregon counties—how much more or less Clark County devel-
oped compared to the three Oregon counties. The coefﬁcient ˇ7 (for
CLARK*TIME*UGB) is the incremental percentage point difference
in the developed land proportion in Clark County in 2005–2006
inside current urban growth boundaries relative to that for the
three Oregon counties—how much more or less Clark County con-
centrated development within urban growth boundaries compared
to the three Oregon counties.
We also estimated an alternative set of county-speciﬁc and
pooled models that included additional explanatory variables to
control for locational characteristics that commonly are found to
inﬂuence development, including city proximity, slope, and eleva-
tion (e.g., Kline, Azuma, & Moses, 2003; Kline, Moses, Azuma, &
Gray, 2009) (Table 1). The variable DISTANCE TO CITY is an esti-
mate of the driving time in minutes to Portland city center based
on the regional road network. We  expected that greater proximity
(shorter driving times) would correlate with higher development
rates. We  expected that higher values of SLOPE would be correlated
with lower rates of development, given that building on steeper
slopes tends to be more costly than building on level ground, and
may  even invoke additional land-use restrictions. We  expected
that higher values of ELEVATION would be correlated with higher
development rates given that higher elevations more likely provide
scenic views. Additionally, because higher elevations in the study
region tend to have lower quality soils, we would expect such lands
to be less viable for intensive farming activity and less likely to be
zoned for exclusive farming, and thus more prone to development.
Because the data include two observations of each point at two
occasions in time, the estimated coefﬁcients describing the change
in development over time (ˇ2) and the inﬂuence of urban growth
boundaries on development over time (ˇ3) remain unchanged by
the inclusion of the time-invariant DISTANCE TO CITY, SLOPE, and
ELEVATION locational characteristics (Dempsey & Plantinga, 2013).
We did not include an additional explanatory variable represent-
ing population growth, because population growth would affect the
region as a whole, with changes in any individual county inﬂuenced
by land-use policies and urban growth in all other counties. More-
over, the difference-in-differences model structure means that any
potential effects of time-varying factors, such as population, are
entirely captured in the TIME variable.
Lastly, we  compared the inﬂuence of each county’s urban
growth boundary at containing new development (low-density and
urban combined) using a simple measure of containment suggested
by Dempsey and Plantinga (2013) and computed using the model
coefﬁcients deﬁned for the difference-in-differences models as:
Containment = ˛3
˛2 + ˛3
(3)
The numerator is the incremental increase in development owing
to containment within urban growth boundaries, while the denom-
inator is the total increase in development within urban growth
boundaries owing to containment as well as time. The ratio would
equal 1 if all development were successfully contained within
urban growth boundaries and 0 if development within urban
growth boundaries equaled development outside (Dempsey &
Plantinga, 2013). We  computed a comparable containment mea-
sure for the three Oregon counties combined by replacing the ˛’s
with their  ˇ counterparts from the pooled model.
4. Results
4.1. Land use and development in counties
The proportions of nonfederal land in different uses at the start
and end of 1974–1976 to 2005–2006 study period indicate that
Multnomah County began with a much higher percentage of urban
land (41% urban) than other counties (Table 2). Over the 30-year
span, urban land in Multnomah, Washington, and Clark counties
increased equally in absolute percentage terms by 8%, while Clacka-
mas  County experienced less urbanization (3%). For low-density
residential land, Clark and Clackamas counties experienced the
largest absolute percentage increases, at 9% and 7%; increases in
Washington and Multnomah counties were substantially lower at
2% and 1%. In all counties, development mostly has come at the
expense of mixed forest-agriculture or intensive agriculture land,
with comparably less wildland forest developed in absolute per-
centage terms (Table 2).
Urban development outside urban growth boundaries was
minimal in the three Oregon counties, with growth inside bound-
aries continuing (Fig. 5). By contrast, urban development outside
urban growth boundaries in Clark County was  more substantial,
likely reﬂecting their later urban growth boundary implementation
and greater discretion afforded to counties under Washington’s
Growth Management Act. Most development outside urban growth
boundaries for all four counties has been low-density residen-
tial. Low-density development outside urban growth boundaries
increased more than threefold in Clark County (2.1–7.1%), com-
pared to a two-fold increase for the three Oregon counties
combined. However, in absolute difference terms, the percent-
ages converted to low density development in Clackamas (6%),
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Fig. 4. Visual deﬁnition of estimated coefﬁcients (ˇ0–ˇ7) reported for pooled difference-in-difference-in-differences regression models (without location controls, Table 4)
showing their incremental contribution to computing the proportion of low-density residential and urban land, inside and outside urban growth boundaries for 1972–1976
and  2005–2006, on the Portland, OR versus Vancouver, WA sides of the Columbia River.
Multnomah (6.1%), and Clark county (5%) counties are comparable
and much higher than the amount converted in Washington County
(1.7%). These development rates translate to comparable rates of
resource land conservation outside urban growth boundaries, with
Washington County seemingly besting other counties (Fig. 5).
Urban development inside of urban growth boundaries
increased more rapidly in Washington County in absolute percent-
age terms (34.0–66.5%, or +32.5%) than in the other three counties
(Clark, +17.0%; Clackamas, +12.6% and Multnomah, +13.4%) (Fig. 5).
Notably, Multnomah was the only county to experience a drop in
low-density development inside the urban growth boundary over
the study period. Clackamas and Multnomah Counties both began
and ended the period with majority proportions of low-density
residential and urban land combined inside urban growth bound-
aries, and Washington County largely had caught up to them by
the study period’s end. Clark County began the study period with
the lowest proportion of combined development land (35.5%) and
ended with the lowest proportion (66.1%) despite experiencing a
rather signiﬁcant percentage point increase (30.6%), second only
to Washington County (39.2%). The prevalence of resource lands
inside urban growth boundaries in Clark County in 2006 (33.9%)
suggests a rather signiﬁcant supply of buildable land, when com-
pared to that of the Oregon counties (Fig. 5).
4.2. County difference-in-differences models
The estimated county models (Table 3) are highly statistically
signiﬁcant based on F-tests (P < 0.0001), with adjusted R2 values
ranging from 0.31 for Clark County to 0.58 for Washington County.
Because they describe percentage point differences associated with
time and urban growth boundary effects, the estimated coefﬁcients
for the Intercept, UGB, TIME, and UGB*TIME variables can be
used to re-compute the combined (low-density residential and
urban) land-use proportions reported in Fig. 5 for each of the four
Table 2
Proportion (%) of nonfederal land in different uses in study area counties.
Land use Clackamas County, OR Three Oregon countiesa
1974 2005 1974 2005
Urban 5 8 12 17
Low-density residential 14 21 9 13
Intensive agriculture 24 20 25 21
Mixed forest-agriculture 13 9 11 8
Wildland forest 44 42 43 41
Multnomah County, OR Clark County, WA
1974 2005 1976 2006
Urban 41 49 7 15
Low-density residential 9 10 12 21
Intensive agriculture 15 9 20 13
Mixed forest-agriculture 7 6 17 12
Wildland forest 28 26 44 39
Washington County, OR All four counties
1974 2005 1974–1976 2005–2006
Urban 7 15 10 16
Low-density residential 3 5 10 15
Intensive agriculture 32 26 24 19
Mixed forest-agriculture 10 8 13 9
Wildland forest 48 46 43 41
Note: Based on data reported in Lettman (2011) for Oregon counties and Gray et al. (2013) for Clark County.
a Clackamas, Multnomah, and Washington counties.
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Fig. 5. Area (ha, bar charts) and proportion (tables) of urban (red), low-density developed (gray), and resource (green) land uses inside and outside of current urban growth
boundaries, by county and year, for the Portland, OR-Vancouver, WA metropolitan area. Lines within bar charts denote current urban growth boundaries, with the area above
the  bar indicating nonfederal land inside the urban growth boundary, and the area below the bar indicating nonfederal land outside the urban growth boundary.
counties. Slight differences do occur due to rounding. The esti-
mated coefﬁcients also enable testing for the statistical signiﬁcance
of differences in developed land proportions.
In the Clackamas County model without location controls,
the estimated coefﬁcient ˛0 = 0.066 indicates that 6.6% of land
outside of current urban growth boundaries was developed in
1974–1976 (Table 3), consistent with the percentage reported in
Fig. 5. The estimated coefﬁcient for UGB (˛1 = 0.552) indicates
that in 1974–1976 the developed land proportion was 55.2 per-
centage points higher inside urban growth boundaries, or 61.8%
(i.e., ˛0 + ˛1 = 0.066 + 0.552 = 0.618), again consistent with Fig. 5.
The estimated coefﬁcient for TIME (˛2 = 0.060) indicates that by
2005–2006, the proportion of developed land—both outside and
inside urban growth boundaries—increased by an average 6 per-
centage points. The estimated coefﬁcient for UGB*TIME (˛3 = 0.159)
indicates that by 2005–2006, the developed land proportion inside
urban growth boundaries had increased an additional 15.9 per-
centage points relative to lands located outside urban growth
boundaries. The statistical signiﬁcance of ˛3 suggests that land-use
planning helped to concentrate development inside urban growth
boundaries in Clackamas County over the 30-year period.
Similar interpretations of the estimated coefﬁcients can be made
for the other county models. In Multnomah County, developed
land accounted for 7.8% of land outside urban growth bound-
aries in 1974–1976 (˛0 = 0.078) and was 70.6 percentage points
higher (˛1 = 0.706) inside urban growth boundaries (Table 3). Over
time, the proportion of developed lands—both outside and inside
urban growth boundaries—increased by 6.6 percentage points
(˛2 = 0.066). The estimated coefﬁcient for UGB*TIME would indi-
cate that by 2005–2006, the developed land proportion inside
urban growth boundaries had increased an additional 4.8 per-
centage points (˛3 = 0.048) above that outside urban growth
boundaries. However, the estimated coefﬁcient ˛3 is not statis-
tically signiﬁcant (P = 0.3295). This suggests that urban growth
boundaries have not had much inﬂuence on where development
occurs in Multnomah County when development includes low-
density and urban uses combined. We  note, however, that based on
Fig. 5 most Multnomah County development outside urban growth
boundaries was low-density.
Results for Washington County indicate that in 1974–1976,
only a small proportion of land outside urban growth bound-
aries was  developed (˛0 = 0.008, P = 0.3406), but that proportion
was 43.5 percentage points higher (˛1 = 0.435) inside urban
growth boundaries (Table 3). The developed land propor-
tion increased only slightly for all lands from 1974–2005
to 2005–2006 (˛2 = 0.017, P = 0.1444), but the increase was
37.5 percentage points higher on lands inside urban growth
boundaries (˛3 = 0.375), suggesting signiﬁcant containment of
development within urban growth boundaries in Washington
County. In Clark County, 3.1% of land now located outside urban
growth boundaries was  developed in 1974–1976 (˛0 = 0.031), and
this proportion was  32.3 percentage points higher (˛1 = 0.323)
inside urban growth boundaries (Table 3). The proportion of
development increased on all lands by 5.5 percentage points
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Table  3
Estimated coefﬁcients of difference-in-differences regression models describing “developed” land uses in 1974–1976 and 2005–2006, individual counties.
County/variable Model parameter Without location controls With location controls
Estimated coefﬁcient t-Statistic Estimated coefﬁcient t-Statistic
Clackamas, OR (N = 2458)
Intercept ˛0 0.066*** 6.19 0.233*** 11.87
UGB  ˛1 0.552*** 24.57 0.467*** 19.77
TIME  ˛2 0.060*** 3.96 0.060*** 4.04
UGB*TIME ˛3 0.159*** 5.01 0.159*** 5.12
DISTANCE TO CITY ˛4 – – −0.004*** −7.51
SLOPE ˛5 – – −0.000 −0.58
ELEVATION ˛6 – – 0.157*** 3.22
Summary statistics: Adj. R2 = 0.40, F = 552.59 Adj. R2 = 0.43, F = 304.83
Multnomah, OR (N = 824)
Intercept ˛0 0.078*** 2.94 0.522*** 9.88
UGB  ˛1 0.706*** 20.49 0.453*** 10.60
TIME  ˛2 0.066* 1.76 0.066* 1.88
UGB*TIME ˛3 0.048 0.98 0.048 1.04
DISTANCE TO CITY ˛4 – – −0.012*** −7.21
SLOPE ˛5 – – −0.005*** −6.54
ELEVATION ˛6 – – 0.075 0.67
Summary statistics: Adj. R2 = 0.53, F = 304.61 Adj. R2 = 0.58, F = 192.31
Washington, OR (N = 1922)
Intercept ˛0 0.008 0.95 0.112*** 6.54
UGB  ˛1 0.435*** 23.84 0.383*** 19.49
TIME  ˛2 0.017 1.46 0.017 1.48
UGB*TIME ˛3 0.375*** 14.51 0.375*** 14.68
DISTANCE TO CITY ˛4 – – −0.003*** −6.22
SLOPE ˛5 – – 0.000 0.08
ELEVATION ˛6 – – 0.155*** 3.21
Summary statistics: Adj. R2 = 0.58, F = 872.03 Adj. R2 = 0.59, F = 454.30
Clark, WA  (N = 1604)
Intercept ˛0 0.031* 1.72 0.264*** 7.64
UGB  ˛1 0.323*** 12.39 0.246*** 8.58
TIME  ˛2 0.055** 2.15 0.055** 2.19
UGB*TIME ˛3 0.252*** 6.84 0.252*** 6.98
DISTANCE TO CITY ˛4 – – −0.007*** −7.83
SLOPE ˛5 – – 0.001 1.39
ELEVATION ˛6 – – 0.368*** 4.28
Summary statistics: Adj. R2 = 0.31, F = 243.36 Adj. R2 = 0.34, F = 138.14
Note:
* Indicates that the probability of the t-statistic for each coefﬁcient exceeding the critical t-value is greater than 90%. Variables are deﬁned in Table 1.
** Indicates that the probability of the t-statistic for each coefﬁcient exceeding the critical t-value is greater than 95%. Variables are deﬁned in Table 1.
*** Indicates that the probability of the t-statistic for each coefﬁcient exceeding the critical t-value is greater than 99%. Variables are deﬁned in Table 1.
(˛2 = 0.055) from 1974–1976 to 2005–2006, and increased an
additional 25.2 percentage points (˛3 = 0.252) inside urban
growth boundaries, suggesting statistically signiﬁcant contain-
ment of development inside urban growth boundaries for Clark
County.
Individual county models estimated with location control vari-
ables indicate that the proportion of developed land is highly
correlated with the driving time to the Portland, OR city center
as evidenced by the negative and statistically signiﬁcant (P < 0.01)
estimated coefﬁcients for DISTANCE TO CITY. Speciﬁcally, greater
proximity to the Portland, OR city center (smaller values for DIS-
TANCE TO CITY) is correlated with higher proportions of developed
land. Topographical characteristics also are shown to be correlated
with the proportion of developed land, depending on county. SLOPE
is negatively correlated with the proportion of developed land in
Multnomah County. ELEVATION is positively correlated with the
proportion of developed land in Clackamas, Washington, and Clark
Counties. Although the location control variables alter the esti-
mated values for the ˛0 and ˛1 coefﬁcients (for the intercept and
UGB terms) by controlling for the effects of city proximity, slope,
and elevation on development observed at the initial observation
period, they do not change our fundamental results regarding the
incremental impact of land-use planning and urban growth bound-
aries on development—speciﬁcally the estimated coefﬁcients ˛2
and ˛3 for TIME and UGB*TIME.
4.3. Pooled difference-in-difference-in-differences model
The estimated coefﬁcients for the pooled model (Table 4)
describe the degree to which differences in the proportions of
developed land reported for the three Oregon counties are statisti-
cally different from those for Clark County, WA.  The model is highly
statistically signiﬁcant based on F-tests (F = 830, df = 7, P < 0.0001),
with an adjusted R2 of 0.46. Similar to the individual county mod-
els, because the estimated coefﬁcients are incremental percentage
point differences owing to the time and urban growth boundary
effects, they can be used to re-compute the proportions of devel-
oped land with respect to urban growth boundary location (outside
versus inside) and time period (1974–1976 versus 2005–2006)
reported in Fig. 5 for the three Oregon counties combined and Clark
County.
The estimated coefﬁcient ˇ0 = 0.044 indicates that 4.4% of the
land in Oregon counties and located outside of current urban
growth boundaries was developed in 1974–1976 (Table 4). The
estimated coefﬁcient for UGB (ˇ1 = 0.585) indicates that the pro-
portion of developed land inside urban growth boundaries in the
three Oregon counties in 1974–1976 was 58.5 percentage points
higher, or 62.9% (i.e., ˇ0 + ˇ1 = 0.044 + 0.585 = 0.629). The estimated
coefﬁcient for TIME (ˇ2 = 0.043) indicates that by 2005–2006, the
developed land proportion in the three Oregon counties—both out-
side and inside urban growth boundaries—increased by an average
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Table  4
Estimated coefﬁcients of the pooled difference-in-difference-in-differences regression model describing developed land uses in 1974–1976 and 2005–2006, all counties.
Variable Model parametera Without location controls With location controls
Estimated coefﬁcient t-Statistic Estimated coefﬁcient t-Statistic
Intercept ˇ0 0.044*** 5.89 0.200*** 16.02
UGB  ˇ1 0.585*** 41.53 0.495*** 32.81
TIME ˇ2 0.043*** 4.11 0.043*** 4.18
TIME*UGB ˇ3 0.187*** 9.38 0.187*** 9.55
CLARK ˇ4 −0.013 −0.73 −0.009 −0.51
CLARK*UGB ˇ5 −0.261*** −9.78 −0.231*** −8.76
CLARK*TIME ˇ6 0.012 0.48 0.012 0.48
CLARK*TIME*UGB ˇ7 0.066* 1.74 0.066* 1.77
DISTANCE TO CITY – – – −0.004*** −12.63
SLOPE – – – −0.001*** −3.43
ELEVATION – – – 0.223*** 6.90
Summary statistics: N = 6808, Adj. R2 = 0.46, F = 830, dF = 7,
Pr > F = 0.0001
N = 6808, Adj. R2 = 0.48, F = 625, dF = 10,
Pr > F = 0.0001
Note:
* Indicates that the probability of the t-statistic for each coefﬁcient exceeding the critical t-value is greater than 90%. Variables are deﬁned in Table 1.
*** Indicates that the probability of the t-statistic for each coefﬁcient exceeding the critical t-value is greater than 99%. Variables are deﬁned in Table 1.
4.3 percentage points. The estimated coefﬁcient for TIME*UGB
(ˇ3 = 0.187) indicates that by 2005–2006, the developed land pro-
portion inside urban growth boundaries in the three Oregon
counties was 18.7 percentage points higher relative to outside
urban growth boundaries, suggesting that on average land-use
planning had the intended effect of concentrating development
within urban growth boundaries in Oregon counties during the
30-year period.
The estimated coefﬁcient for CLARK (ˇ4 = −0.013) would indi-
cate that in 1974–1976, the proportion of developed land outside
urban growth boundaries in Clark County was 1.3 percentage points
less than that for the Oregon counties, or 3.1% (i.e., ˇ0 + ˇ1 = 0.031)
(Table 4). However, the t-statistic for ˇ4 suggests that this
difference is not statistically signiﬁcant (P = 0.4649), suggesting
that in 1974–1976 Clark County development outside urban
growth boundaries could not be distinguished from that for the
three Oregon counties. The estimated coefﬁcient for CLARK*UGB
(ˇ5 = −0.261) indicates that the developed land proportion for Clark
County in 1974–1976 now located inside urban growth boundaries
was 26.1 percentage points less than that proportion for the three
Oregon counties, or 35.5% (i.e., ˇ0 + ˇ1 + ˇ4 + ˇ5 = 0.355). This con-
ﬁrms that in 1974–1976, Clark County land now located within
urban growth boundaries was signiﬁcantly less developed relative
to the average for land located inside urban growth boundaries in
the three Oregon counties.
The estimated coefﬁcient for CLARK*TIME (ˇ6 = 0.012) would
indicate that by 2005–2006, development on all lands in Clark
County had increased by an average 1.2 percentage points more
than the comparable increase for the three Oregon counties.
However, the estimated coefﬁcient is not statistically signiﬁcant
(P = 0.6344), suggesting that on average, the increase in develop-
ment on all lands in Clark County could not be distinguished from
that experienced in the Oregon counties. The estimated coefﬁcient
for CLARK*TIME*UGB (ˇ7 = 0.066) indicates that the proportion of
developed land in Clark County inside urban growth boundaries
was 6.6 percentage points higher than the comparable increase for
the three Oregon counties. This result suggests that Clark County
experienced greater development on its lands inside urban growth
boundaries, than did the three Oregon counties from 1974–1976 to
2005–2006.
For the pooled model estimated with location control variables,
all location control estimated coefﬁcients are highly statistically
signiﬁcant (P < 0.01). As with the individual county models, the pro-
portion of developed land is highly correlated with the proximity
to the Portland, OR city center. The proportion of development land
also is negatively correlated with SLOPE and positively correlated
with ELEVATION. As with the individual county models, although
the location control variables control for the effects of city prox-
imity, slope, and elevation, they do not change our fundamental
results regarding the incremental impact of land-use planning and
urban growth boundaries on the proportion of developed land.
4.4. Development containment measures
Development containment measures computed using esti-
mated coefﬁcients (Tables 3 and 4) for low-density and urban
development models without location controls show differences
among counties (Table 5). Washington County (0.957) appears
most successful at containing low-density and urban development
combined within its urban growth boundaries, followed by Clark
County (0.821), Clackamas County (0.726), and Multnomah County
(0.421). A low-density and urban development containment mea-
sure computed for the three Oregon counties combined (0.813)
compared to the same measure computed for Clark County, WA
(0.821), would seem to suggest that on average the Oregon and
Washington portions of the Portland-Vancouver metropolitan area
have been fairly similar in their success at containing low-density
and urban development.
Because the estimated coefﬁcients of the difference-in-
differences regression models coincide with the development data
presented in Fig. 5, it is possible to compute a set of containment
Table 5
Measures of development containment within current urban growth boundaries,
1974–1976 to 2005–2006.a
County Urban Low-density and urban combined
Clackamas, OR 1.000b 0.726c
Multnomah, OR 0.955b 0.421c
Washington, OR 1.000b 0.957c
Clark, WA 0.972b 0.821c
Three Oregon counties 0.997b 0.813d
a The measure is the ratio of the incremental increase in development (urban,
or  low-density and urban combined) owing to containment within urban growth
boundaries (and exception areas in Oregon), to the total increase in development
within urban growth boundaries owing to containment as well as time. The ratio
equals 1 if all development was  successfully contained within urban growth bound-
aries and 0 if development within urban growth boundaries equaled development
outside urban growth boundaries (Dempsey & Plantinga, 2013).
b Based on data describing urban development from Fig. 5.
c Based on estimated coefﬁcients from Table 3.
d Based on estimated coefﬁcients from Table 4.
J.D. Kline et al. / Landscape and Urban Planning 131 (2014) 51–63 61
measures for urban development alone based on Fig. 5 values.
Computation of a similar containment measure for low-density
development is not possible, because a portion of low-density
development is lost over time owing to its conversion to urban
development. Containment measures computed for speciﬁcally
urban development in the four study area counties indicate that
both Clackamas (1.000) and Washington (1.000) counties, OR were
fully successful at containing strictly urban development within
their urban growth boundaries (Table 5). Both Multnomah County
(0.955) and Clark County (0.972) also were comparatively suc-
cessful. Taken along with the containment measures computed for
low-density and urban development combined, it would seem that
the greatest differences among counties involve the containment
of speciﬁcally low-density development.
5. Discussions
Our results suggest that land-use planning has had a measur-
able though varied effect among counties in containing low-density
and urban development within current urban growth boundaries
in the Portland-Vancouver metropolitan area. In all but Mult-
nomah County, we found these effects to be statistically signiﬁcant.
The lack of a statistically signiﬁcant effect in Multnomah County
may derive from Multnomah County’s already highly developed
condition in 1974–1976, which might have made it difﬁcult to
contain additional development within urban growth boundaries
and exception areas without going above existing densities. Mult-
nomah County may  have offered less undeveloped land designated
as developable during the period examined, compared to other
counties, causing some development to spillover outside urban
growth boundaries and exception areas.
Despite land-use controls, development occurred both inside
and outside of current urban growth boundaries in all study area
counties, but counties differ in the types of development that have
taken place. The four counties are similar in their containment
of urban development, but differ in their containment of low-
density and urban development combined. Thus, differences owe to
how well individual counties contained low-density development.
Washington County did much better at containing low-density
development within urban growth boundaries compared to the
other counties.
Many land-use planning ofﬁcials likely would agree that con-
taining low-density development is necessary for conserving forest
and agricultural land. However, if urban growth boundaries are to
provide sufﬁcient land to accommodate future population growth,
one might question whether low-density development is desirable
at all. We  stress, however, that the low-density development cate-
gory examined here arguably deﬁnes a fairly rural or dispersed form
of development (9 or more structures per 2.59 km2). Had the data
deﬁned low-density development using a higher structure den-
sity threshold, we undoubtedly would have found less low-density
development outside urban growth boundaries. We  were reliant on
the data at hand and the land-use categories as deﬁned. Planners
and policymakers interested in gathering data for evaluating land-
use planning effects should carefully consider the criteria used to
deﬁne land uses to ensure that they are appropriate for evaluating
policy effects of interest.
Notably, our results suggest that Clark County, WA has been
somewhat successful at containing development despite having
experienced what some observers consider to be a less restrictive
land-use planning history compared to Oregon counties. Although
implemented much later than Oregon’s land-use planning pro-
gram, the Washington State Growth Management Act appears to
be inﬂuencing Clark County development, just as the Oregon’s
better known Land Use Act has inﬂuenced development in Oregon.
However, our results also suggest that Clark County has taken
a different approach to containing development by including
a comparatively greater supply of undeveloped land within its
current urban growth boundary than any of the three Oregon
counties examined. This difference can be seen in the greater
percentage of resource land and low-density development found
inside the Clark County urban growth boundary compared to the
average for the three Oregon counties.
The comparatively greater supply of developable land found
within Clark County’s current urban growth boundary compared
to the average for the Oregon counties could owe  to Clark County’s
urban growth boundary being drawn more expansively to accom-
modate expectations for signiﬁcant future urban growth. This
contrast with the Oregon counties is consistent with the more
active involvement of the State of Oregon—via the Department of
Land Conservation and Development—in county planning in Ore-
gon relative to the greater discretion afforded to counties in the
State of Washington. Concurrent research also suggests that Clark
County’s seemingly more expansive urban growth boundary may
owe to a greater degree of political fragmentation in local politics
and to the lack of an authoritative regional institution in southwest
Washington comparable to Metro in the three Oregon counties
(Thiers, Stephan, & Walker, 2011). The relative absence in Clark
County, WA of involvement by multiple agencies, such as Metro and
the Department of Land Conservation and Development in Oregon,
in the development of rules and regulations also may be a factor.
In Clark County, Washington State involvement is mostly limited
to a complaint-based appeals process. Regardless of the reasons,
although Clark County may  have avoided some political conﬂict by
implementing a more expansive urban growth boundary, it may
have set the stage for eventual loss of forest and agricultural land
and greater associated ecological costs compared to the three Ore-
gon counties.
The three Oregon counties also exhibit differences among them-
selves in their development patterns. With just 44.3 percent of
land within its current urban growth boundary developed in 1974,
Washington County’s experience has been more comparable to
Clark County, WA than to, say, Multnomah County, where 78.5%
of land within its urban growth boundary was already developed
in 1974. In 2005–2006, 33.9% of Clark County land within urban
growth boundaries remained in forest and agricultural uses, fol-
lowed in Oregon by Washington (16.5%), Clackamas (16.2%), and
Multnomah Counties (10.2%). Whether these differences owe in
any way to the degree to which individual counties have been
willing to commit undeveloped forest and agricultural lands to
future development is debatable. Although we treated individual
counties as distinct geographic units in our analysis, land-use plan-
ning decisions affecting the three Oregon counties are considered
for the region as a whole by Metro and not by the three counties
independently. As part of one system of land-use planning, county
performance must be considered in the context of geography and
the history of broader policy decisions particularly just prior to pas-
sage of the Oregon Land Use Act and the establishment of Metro,
which were beyond the scope of our study.
Still, there are plausible explanations for differences among
counties in urban growth boundary effectiveness. Some observers
have suggested a willful lack of adequate enforcement in some
counties, resulting in improper development mostly in exclusive
agricultural use zones (1000 Friends of Oregon, 1985). Differences
also could arise from: unrestricted development permitting in the
years just prior to urban growth boundary enforcement; differ-
ences in soil quality and the fewer restrictions allowed on lands of
low soil quality; and differences in the criteria individual counties
use to determine allowable development outside urban growth
boundaries. Also, following the U.S. Supreme Court decision in
Lucas versus South Carolina Coastal Council (1992), which deﬁned
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criteria for evaluating regulatory takings, Oregon allowed that any
parcel deemed either too small or of insufﬁcient soil quality to be
viable for agriculture or forestry would be eligible for development.
Together, these factors meant that many parcels of smaller size
or poorer soil quality might eventually have qualiﬁed for develop-
ment.
Multnomah County, for example, was fairly generous in granting
rural subdivision and building permits just prior to urban growth
boundary enforcement. This combined with a general scarcity of
high-quality agricultural soils meant that signiﬁcant development
outside urban growth boundaries continued after enforcement.
Clackamas County also granted several subdivision and building
permits prior to urban growth boundary enforcement, effectively
“grandfathering in” much development that occurred later outside
urban growth boundaries and exception areas. Also, its gener-
ally poor agricultural soils have led Clackamas County to establish
relatively small minimum parcel sizes for building in exclusive
agricultural use and rural residential zones. In contrast, Washing-
ton County, with its higher quality agricultural soils, tended to
enforce stronger agricultural protection policies and granted fewer
subdivision and building permits prior to urban growth boundary
enforcement, resulting in fewer small parcels and less development
outside urban growth boundaries.
Clark County, WA also was fairly restrained in approving subdi-
visions and building permits just prior to urban growth boundary
enforcement, largely because demand for permits was limited as
few landowners or county ofﬁcials expected Washington’s Growth
Management Act to pass. By 1994, as it became clear that efforts
to delay the Act’s implementation were failing, some developers
rushed projects into development, causing smart growth advocates
on the County Board of Commissioners to counter with a 90 day
moratorium on new development (Callahan, 1994a, 1994b). This
combined with overall lower demand for residential building sites
owing to more limited commuting opportunities to Portland, OR
meant that less development was grandfathered in.
6. Conclusions
We  sought to determine whether urban growth boundaries
are effective at containing low-density and urban development,
and conserving forest and agricultural land in the Portland, OR-
Vancouver, WA metropolitan area. We  also sought to determine
the degree to which these effects have varied between Oregon
and Washington. Our results suggest that urban growth boundaries
now mandated in both Oregon and Washington have had a measur-
able and statistically signiﬁcant effect in containing development
and conserving forest and agricultural lands. Our results also sug-
gest that these effects have varied across individual counties, likely
owing, in part, to differences in counties’ initial levels of devel-
opment, distinctly different land-use planning histories, and how
restrictively their urban growth boundaries were drawn. These
factors would seem to have contributed to the apparent level
of success within counties in containing low-density and urban
development and conserving resource land. Most notably, less
restrictively drawn urban growth boundaries yield the appear-
ance of successful development containment more than do more
restrictive urban growth boundaries, largely because they offer up
a greater supply of forest and agricultural land for future devel-
opment. More fully developed counties that drew their urban
growth boundaries more restrictively, may  face greater limitations
to containing additional low-density and urban development sim-
ply because of a shortage of undeveloped land on which to build.
There likely are a variety of paths that cities and counties can
take to contain urban growth and conserve resource land, with
success not solely dependent on the timing and restrictiveness of
any one growth control measure adopted. Some land-use planning
likely is better than no planning, and urban growth boundaries
are more effective than no urban growth boundaries. But, the spe-
ciﬁc characteristics of planning and urban growth boundary design
matter for land-use outcomes over the long term. Although we
focused our efforts on examining differences in land use plan-
ning effectiveness between the Oregon and Washington sides
of the Portland-Vancouver metropolitan area, the difference-in-
differences approach could also be used to examine effectiveness
among individual counties. Such an analysis would need to con-
sider differences in light of the variety of factors that potentially can
inﬂuence development outcomes and effectiveness, potentially by
examining counties on a case by case basis.
Further research in the Portland-Vancouver metropolitan area
also could further reﬁne understanding of urban growth boundary
effectiveness by identifying and examining factors that inﬂuence
differences in effectiveness. Another approach would be to focus
on periodic boundary expansions over the 30-year span exam-
ined to observe how low-density and urban development has
been inﬂuenced by speciﬁc urban growth boundary expansions
across the region. Another approach would be to examine the
long-term history of speciﬁc land parcels to see if, when, and how
they were brought into the urban growth boundary, and if, when,
and how they were developed. A similar approach would be to
examine the spatial location and timing of construction permitting
both inside and outside urban growth boundaries, and before and
after they were implemented. Such case study approaches would
enable examining how resilient socioeconomic and ecological
systems—upstream riparian zones, speciﬁc habitat-types, or high-
quality agricultural land, for example—are to change brought about
by urban growth. Lastly, additional research could examine low-
density development using varying structure density thresholds,
as well as examine the speciﬁc types of residential development
that occur.
The ULTRA-Ex context, with its focus on multidisciplinary
research would seem to be a good approach for addressing future
research questions regarding the effectiveness of land-use plan-
ning. Future ULTRA-Ex research also could compare urban growth
policies from the Portland-Vancouver region with other regions in
the USA, or even internationally, to illuminate the relative success
of this region at containing urban growth (Rosan, 2007). Sustainable
management of urbanizing landscapes will depend on evaluating
and addressing both the socioeconomic and ecological impacts of
land-use change and development, and the degree to which partic-
ular system elements may  require protection or enhancement. For
example, other Portland-Vancouver ULTRA-Ex research examines
the role of cities in this region in maintaining environmental quality
of urban ecosystems as these cities become more densely populated
(e.g., Chang et al., 2014; Ozawa & Yeakley, 2007; Thiers et al., 2011;
Yeakley et al., 2012). The Portland-Vancouver ULTRA-Ex collabo-
ration creates linkages between land-use policy evaluations such
as ours with biophysical and social analyses to determine what
actual consequences differences in land-use policy have for urban
socio-ecological systems.
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